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The Relationship Between Meteorological Patterns and Rural Ground Ozone 
Concentration 
Dasen Kendrick November 2005 
Directed by: Rezaul Mahmood, Stuart A. Foster, L. Michael Trapasso, and Gregory 
Goodrich 
Throughout the United States, many areas exceed the level of safe ground ozone (O3) 
concentration. Non-natural emissions made as result of daily human activities and 
natural emissions react photochemically to produce ground O3 concentration. Variation 
in ground O3 concentration is controlled by local and regional emissions, synoptic and 
mesoscale meteorology, and boundary layer chemistry and dynamics. When the right 
meteorological variables are present, rural areas can have unhealthy air conditions with 
high levels of ground O3 concentration similar to that of metropolitan areas. Particular 
ground O3 concentration episodes were analyzed to summarize what meteorological 
variables constitute a healthy or hazardous ground O3 day. Hourly ground O3 data for 
Mammoth Cave National Park from the years, 1998 through 2003 were analyzed. Once 
analyzed, a combination of meteorological variables is used in a simple linear regression 
to create the coefficients for empirical predictive model based on 1998-2000 data. The 
meteorological variables included maximum temperature (Tmax), diurnal temperature 
range (DTR), solar radiation (SR), and daily precipitation (Pd). The meteorological 
coefficients were then used with the available meteorological data from 2001 through 
2003 to predict ground O3 for 2001 through 2003. Certain meteorological variables such 
as SR are not easily available in most regions and rural sites in the United States. 
viii 
Therefore, SR was excluded from the regression model to see if rural areas can also 
forecast ground O3 sufficiently. Root mean square error, d-index, and mean absolute 
error were used to assess the performance of the predictive model. These measures were 
calculated to find out if a significant relationship between ground O3 and the 
meteorological variables is present. For example, the d-index was calculated and ranged 
from 0.81-0.84 for the best regression model performances. This suggests that the 
predictive ground O3 from 2001 through 2003 is in agreement with observed ground O3 
from 2001 through 2003. 
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Ground ozone is a main pollutant in Earth's photochemical smog. It is generally formed 
by non-natural emissions created at the Earth's surface through human activities such as the 
usage of chemical plants and automobiles (US Environmental Protection Agency 2004). 
These emissions react with sunlight and natural emissions already present in the Earth's 
atmosphere, which potentially influence the production ground-level ozone concentration 
(USEPA 2004). The United States has been battling the effects of high ground ozone (O3) 
concentration over several decades. Throughout the United States, many areas exceed the 
level of safe ground O3 quite frequently (USEPA 2004). 
There are two types of O3. Upper-level O3 occurs approximately 16.09 to 48.28 
kilometers (km) above the Earth's surface, also called the stratosphere. Upper-level O3 helps 
protect the Earth by absorbing ultraviolet rays that are emitted from the sun. Ground O3 is 
located in the troposphere which is below the stratosphere, 16.09 km and less from the 
Earth's surface. The chemical reactions involved in ground O3 formation are a series of 
complex cycles in which volatile organic compounds (VOCs) are oxidized to water vapor in 
the presence of nitrogen oxide (NOx) and sunlight. Numerous chemicals are classified as 
VOCs and each chemical yields a different chemical formula in the production of ground O3. 
The following chemical formula is one example of how ground O3 can be formed. Oxidation 
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begins with the reaction of carbon oxide (CO) with the hydroxyl radical, OH. The hydrogen 
molecule reacts rapidly with oxygen to give a proxy radical, HO2 (Equation 1). 
OH + CO —• H + C02 
H + O2 —• H0 2 (1) 
The proxy radical then reacts with NO to give nitrogen dioxide (NO2) which is photolyzed to 
give a single oxygen molecule. The oxygen molecule then reacts with naturally occurring 
dioxide to form ground O3 (Kleiman 2004). O3 is comprised of three oxygen atoms, thus 
making it reactive (Equation 2). 
H0 2 + N 0 ^ 0 H + N0 2 
N0 2 + sunlight (hv) —> NO + O 
O + 0 2 — 0 3 (2) 
USEPA established the Clean Air Act in 1990, which regulates the level of ground O3 
concentration for unhealthy air conditions throughout the United States. USEPA reported 
that two-thirds of the United States population lives in unhealthy air conditions which 
contain significant amounts of pollutants (Cobourn and Hubbard 1999). The Clean Air Act 
Amendments of 1990 created a strategy for the nation to attack the problem of urban smog. 
While it gives states more time to meet the air quality standards, it also requires states to 
make constant progress in reducing emissions (USEPA 2004). The Clean Air Act of 1990 
required the federal government to reduce emissions from cars, trucks, and buses; from 
consumer products such as hair spray and window washing compounds; and from ships and 
barges during loading and unloading of petroleum products. The Clean Air Act of 1990 
established non-attainment area classifications ranked according to the severity of the area's 
air pollution problem. These classifications are marginal, moderate, serious, severe and 
extreme. EPA assigns each non-attainment area one of these categories, thus triggering 
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varying requirements the area must comply with in order to meet the ground O3 standard 
(Clean Air Act 1990). 
Several health effects have occurred as a result of extreme exposure to high levels of 
ground O3. For example, it was found that higher levels of ground O3 near the surface can 
induce severe health problems (USEPA 2004). For example, many respiratory problems 
occur due to high levels of ground O3 in particular areas. USEPA receives numerous reports 
from people in large urban areas having increased asthma attacks due to the abundance of 
pollutants in the atmosphere. In most urban areas, small children and residents over 65 are at 
the highest risk of the effects of high ground O3. The Public Health Department of Nashville, 
Tennessee reported that small children and elderly residents can acquire respiratory problems 
and cardiovascular disease as a result. Ground O3 affects the rate of breathing by suspending 
the supply of oxygen to the heart (Levy 2001). In addition, breathing difficulty due to 
ground O3 can break down the immune system, causing a lower resistance to infection. 
People who breathe in high levels of ground O3 can only alleviate their health conditions by 
breathing in air that consist of low levels of ground O3. 
Moreover, ground O3 affects the rate at which plants can produce oxygen through 
photosynthesis. This is important to rural areas which account for most of the agriculture in 
the United States. Furthermore, over-exposure to ground O3 makes plants susceptible to 
insects, harsh weather conditions, and diseases. In the context of these observations, the 
present research project focuses on the relationship between ground O3 and meteorological 
patterns in south central Kentucky. Gaza (1998) noted that weather patterns partly dictate 
potential areas of ground O3 concentration. Hence, analysis of data can help to establish a 
relationship between days associated with high levels of ground O3 and meteorological 
conditions. Moreover, this study will also develop a predictive model to forecast ground O3. 
A significant amount of scientific literature is focused on urban ground O3 concentration 
for justifiable reasons. However, high ground O3 concentration can also be found in the rural 
settings. A comparison of ground O3 data between Mammoth Cave National Park (MCNP) 
and Nashville suggest that rural locations can experience high ground O3 concentration 
(Figure 1). 
Figure 3. A line comparison graph of the average daily maximum ground O3 data of Trinity 
Lane and MCNP from the months, March to October for the years, 1998-2000. 
US Department of Commerce (2004) noted that MCNP in Kentucky has some of the highest 
recorded ground O3 in the Midwest and Mid Atlantic regions of the United States. As a 
result, rural ground O3 is the focus of this research. This will not only better prepare rural 
residents for high ground O3 episodes, but also educate them on the health related effects 
from ground O3. 
Chapter 2 
Literature Review 
Within the last twenty years, researchers have recorded numerous episodes of high levels 
of ground O3 all around the world. In Spain, the European Commission Mesometeorlogical 
Cycles of Air Pollution (MECAPIP) studied atmospheric circulation of the lower troposphere 
and its relationship to the different types of layering observed in polluted air masses (Alonso 
et.al 2000). MECAPIP adopted a deductive approach to show the relationship between aged 
pollutants and north-northeast wind located between upper-level temperature inversions. 
They have used wind trajectories to track wind parcels throughout the region. In addition, 
they showed long distance transport of air masses with high ground O3 concentration 
throughout Spain. 
In Brunei Darussalam, a group of meteorologists developed an autogressive integrated 
moving average (ARIMA) modeling approach (Kumar et.al 2004). This approach produced 
time series through methods of differencing, autoregressive models, and moving averages. 
The time series was based on a 30 day time interval to forecast short-term air quality. After 
the time series was completed and tested, Kumar et.al (2004) found the ARIMA model had a 
13% error in forecasting ground O3. 
High ground O3 episodes occur throughout the United States depending on the 
environmental conditions of a given area. For example, Tucson, Arizona, was a rural area 
that is now being transformed into a large urban area. As the population of Tucson 
increased, ground O3 also increased and has become an environmental risk to the residents of 
this city. Diem and Comrie (2001) examined the complex 
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between intraseasonal variations in climate and O3 levels. Weather can change at any point 
and ground O3 concentration reacts in the same manner. Air quality managers and planners 
rely on both the weather patterns and past ground O3 concentration readings when facing 
policy decisions such as selecting optimal O3 reduction strategies to bring O3 levels below 80 
ppb standard, which is established by USEPA. The strategies involve reducing emissions of 
VOCs and NO, which are precursor chemicals for ground O3 (Diem and Comrie 2001). In 
addition, Diem and Comrie (2001) concluded that the ground O3 production is a nonlinear 
function of the mixture of VOCs and NO compounds. A significant amount of research 
concluded that certain atmospheric chemical reactions can potentially decrease ground O3 in 
a given area. For example, Reynolds et.al (2004) conducted a study in central California and 
reported that NO emissions lower ground O3 below the 8-hr average ground O3 concentration 
standard of 80 ppb. 
In particular areas in the United States, topography can effect the production of ground 
O3. Dayan and Kock (1996) investigated how subsidence inversions can occur below the 
elevation of mountain ranges in the western portion of the United States. The Los Angeles 
Basin is a good example of how high ground O3 can be trapped in a particular area. Biswas 
and Rao (2001) reported that during the summer in basin areas, weak levels of anticyclonic 
subsidence occur in combination with low winds and strong insolation. Mesoscale processes 
and recirculation thus occur within air masses. These mesometeorological processes create 
diurnal cycles for the summer. In the Midwest region of the United States, lake breezes and 
boundary layer over the Great Lakes trap and recirculate pollutants into communities located 
near their shores (Hubbard and Cobourn 1998). In the eastern portion of the United States, 
highly populated areas account for the majority of pollution. Elevated topography such as 
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the Appalachian Mountains can play a vital role in the production of high ground O3 
episodes. 
Along the Appalachian Mountains, lee troughs produce 70% of high ground O3 episodes 
in the northeastern United States (Taubman et.al 2004). This lee trough is also known as the 
Appalachian Lee Trough. Wind ahead of the trough turns southwesterly and wind behind of 
trough turns northeasterly. These winds cause the O3 mixing depths to lower on the east side 
of the Appalachian Lee Trough (Taubman et.al 2004). Gaza (1998) used Boston as a good 
example of how the Appalachian Lee Trough has increased levels of ground O3 
concentration. He stated that when the Appalachian Lee Trough remained offshore during 
the afternoon, ground O3 in Boston was low. However, when the trough was north of the 
metropolitan city, ground O3 was extremely high. 
As noted previously, NO2, CO, and chlorofluorocarbons are chemicals that can be created 
at the Earth's surface. These chemicals are then transported upwards into a planetary mixing 
boundary layer. This transportation of gases is one of the many contributors that increases 
ground O3. Clouds produce chemical reactions within the mixing layer (Rohli et.al 2002). 
Thus, chemical reactions are formed in cloud droplets, which affect O3 concentration in the 
troposphere. Aqueous-phase chemistry or cloud droplets can decrease the amount of O3 
concentration (Rohli et.al 2002). In ground O3 concentration data, days that are followed by 
days with precipitation are recorded as invalid (Rohli et.al 2002). 
Narasimhan et.al (2000) contributed vertical mixing or long-distance transport as a factor 
in ground O3 variability. Particular relationships were seen in his analysis that gave insight 
towards the type of relationship present between ground O3 and meteorological conditions. 
8 
For example, when the temperature increased, ground O3 increased, as well. When the 
temperature rose to a certain level, the relationship between ground O3 and temperature 
stabilized and reached a plateau. With the relationship between observed relative humidity 
and ground O3 concentration, a negative correlation showed that moisture in the atmosphere 
helps in breaking down O3 photochemical reactions. 
It is already noted that solar radiation plays an important role in ground O3 (Ryan et.al 
1999). It is found that higher levels of ground O3 concentration are associated with high 
levels of solar radiation. Therefore, clouds can interrupt the amount of solar radiation that 
reaches the ground which potentially decreases ground O3 (Wang et.al 1998). 
A method commonly used to establish the relationship between ground O3 and 
meteorological variables is regression analysis (e.g., Rohli et.al 2002, Ryan et.al 1999). The 
latter authors also chose to use a forecast guidance to show the relationship between the 
observed values of ground O3 and the meteorological predictors. They used a regression 
approach to find the relationship between cloud coverage and levels of ground O3 
concentration. In this thesis, a regression model is developed to predict ground O3. The 
meteorological variables considered include maximum temperature (Tmax), diurnal 
temperature range (DTR), daily precipitation (P<j), and solar radiation (SR). 
Chapter 3 
Research Setting 
Knowledge of the research setting is important for better explanation of ground O3 
concentration data. Micro and meso-scale weather exposure of meteorological instruments 
can produce significant bias in ground O3 data. For example, upper-level winds can aid in 
dispersing ground O3 throughout the troposphere. Therefore, it is suggested that ground O3 
observational sites should be located in areas with minimal upper-level wind. 
Two locations, MCNP and Trinity Lane location in Nashville, TN, are used in this 
research to study how rural areas can have similarly high ground O3 observations as a 
metropolitan city. The MCNP data is used to assess impacts of meteorological conditions of 
ground O3 and model development. Trinity Lane data is used to compare rural and urban 
ground O3. MCNP is a broad limestone karst region located in Edmonson County in south 
central Kentucky, which extends through the Interior Low Plateaus of the southeastern region 
of the United States. In this area, there is an exceptional amount of varying elevations which 
is determined mainly by the fundamentals of a karst region. The meteorological observation 
site is located on a cleared plot of land 100 by 100 feet in the southeast quadrant of the 
national park. Four various instrumentation methods are used to obtain the observations 
needed to represent the desired meteorological variables. 
Ground O3 is recorded using Thermo Electron Corporation Model 49 UV Photometric O3 
analyzer. Air from outside is pumped into a small tub that is suspended at an altitude of 15 
meters in a bucket on a pole. This small tub is connected to the O3 analyzer which is located 
indoors at a temperature of 20-30°C. Outside air is pumped into the tube and carried to the 
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O3 analyzer through the small tubing. The incoming air is emptied into the analyzer for 
calibration. During the calibration, various gases in the sampled air are separated and 
calculated to get a ratio for each gaseous representation. The most common gases found in 
the atmosphere at ground level are sulfur dioxide (SO2), NO, and O3. Each gas has its own 
analyzer which produces ambient observations. After the O3 is obtained, the results are kept 
in a data logger. In addition, a lab-top is used to keep a back-up record of all ground O3 
observations made by the O3 analyzer. To obtain graphical analysis of the ground O3 
variability, an O3 data logger, called the Environmental Systems Corporation 8816 draws a 
script chart that represents a time series of ground O3 observations. Intervals of 100 ppb are 
used as a scale for the script chart. The range on the script chart is 0-500 ppb due to a bias 
representation of ground O3 from the O3 generator. The O3 generator produces a significant 
amount of O3 concentration and is emptied into a vile of air to over-pollute the constituents in 
the O3 analyzer. The O3 generator re-checks the analysis conducted by the O3 analyzer 
When air is over-polluted in the O3 analyzer by the O3 generator, a large peak in the script 
chart will occur. The re-evaluation process is conducted every 10 hours throughout the day. 
Each peak is generally around 400 ppb. If a large peak does not occur on the peak chart, the 
observations after the last peak are considered void and given a null value in the data logger. 
MCNP records and checks the instrumentation every three days. In addition to the O3 
generator, Air Resource Specialists Inc. from Fort Collin, CO, conducts ground O3 sampling, 
and compares their results with that of MCNP every six months. Kentucky Division for Air 
Quality audits the O3 analyzer every 3 months. This secures that no tampering with the 
instrumentation is occurring that might alter the recorded observations. Furthermore, the 
validity of the instrumentation in MCNP is tested to determine accuracy of the observations. 
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Around the meteorological observation site at the MCNP, a forest landscape inhabits the 
environment. An abundance of trees and vegetation can affect the observations. Therefore, 
the land is cleared to obtain more precise results. An aspirated Climatronics fast response 
temperature thermistor is used to record temperature. The thermistor is suspended in to the 
air on a metal pole at 15 feet. In addition, SR and wind direction observations are obtained 
on the same metal pole where temperature is measured. SR is measured using a LiCor 
Pyranometer, and a meteorological instrument called Climatronics F460 System collects 
wind direction. Data is recorded in a data logger at ground level of the pole. The 
temperature is recorded in Fahrenheit and converted into Celsius degrees. Pd is measured 
using a Weather Measure 12" tipping bucket rain gage. The precipitation is recorded from 
hourly observations and summed into a daily total. 
The Trinity Lane location is located northeast of the central business district of downtown 
Nashville, Tennessee. Nashville is located in Davidson County in North Central Tennessee. 
The O3 analyzer is located on top of the roof of a community public health office building on 
Trinity Lane. Trinity Lane is a high traffic road that runs east to west through the city. The 
city of Nashville is re-evaluated by the State of Tennessee and USEPA in the same format as 
MCNP. An air filter is located inside of a bucket that is connected indoors to a small room 
where the O3 analyzer, data logger, and script chart are located. 
Chapter 4 
Methodology 
This project starts with analyzing ground O3 data from MCNP in south central Kentucky. 
The ground O3 data displayed observations from 1998 through 2003 between the months of 
March to October. Box plots were devised which showed the central tendency and 
dispersion of the observations. Box plots are especially useful when a set of data points 
contains hundreds or thousands of data points. Here, 1,470 data observational points are 
analyzed at MCNP. These points were then grouped comprehensively. First, 48 graphs were 
made that show 30 or 31 ground O3 concentration box plots each. Every box plot signified 
each day during the months of March through October, between the years, 1998 through 
2003. This showed the relationship between variation in ground O3 and particular days 
within a specific month. Next, six graphs were created that displayed monthly box plots 
based on hourly data for the six years studied. Each month was examined to distinguish a 
relationship between ground O3 variability and particular months of the year. Lastly, one 
graph was made that showed six box plots of all hourly ground O3 concentration values for 
the years, 1998 through 2003. In this graph, the ground O3 concentration variability was 
compared based the average of all ground O3 concentration acquired for that specific year. 
Out of the box plots, unique ground O3 concentration episodes were then selected and 
examined more carefully. The ground O3 episodes were grouped into four groups. Group A 
were episodes that had the four highest ground O3 concentration values. Group B were the 
four episodes that had the lowest ground O3 concentration values. Groups C contained 
episodes that consisted of at least a four-day time period where at least a 30 ppb increase 
12 
13 
occurred among the ground O3 concentration episode. Group D had episodes that were at 
least four days in duration and had a decrease in at least 30 ppb over the course of the time 
period. Meteorological variables including SR, Tmax, DTR, Pd, and 1:0 Pd were used to 
explain atmospheric conditions that influenced ground O3 concentration episodes. Since any 
amount of precipitation decreases the production of ground O3, a value of 1 was assigned to 
any day where precipitation occurred. This is identified as 1:0 Pd in the regression models. 
Surface synoptic maps were used to further analyze the atmospheric conditions for these 
particular episodes. The meteorological variables and surface maps for these unusual O3 
concentration episodes were obtained from the National Park Service and Midwestern 
Regional Climate Center. Variations in ground O3 concentration can be seen in comparison 
with the meteorological variables once the box plots are examined. 
Next, correlations were calculated for all meteorological variables used in this study and 
ground O3 concentration. The relationships between meteorological variables and the 
relationship between meteorological variables and ground O3 were examined. The highest 
two correlated variables were then used in a linear regression analysis. The simple linear 
equations used where Y is the predicted ground O3 is as follows: 
Subsequently, a series of multivariate linear straight-line equations were developed to 
predict ground O3. The data from 1998 through 2000 is used to estimate model coefficients 
and the data from 2001 through 2003 is used to test the model performance. Regression 
analyses allowed to determine the values of parameters for a function to best fit a set of 
observations. Different combinations of meteorological variables were used in conjunction 
Y = ( P i * S R ) + Po--




with the dependent variable, ground 03, to devise the best fit. It needs to be emphasized that 
selection of independent meteorological variables also provides physical explanation 
regarding their relationship to ground O3. For example, each meteorological variable used in 
this research defines one element associated with the production of ground O3. 
To create a predictive model, two approaches of regression modeling were undertaken. In 
one approach, SR is used with other meteorological variables. In the alternate approach, SR 
is replaced by DTR. Rationale for using DTR is provided below. Five different regression 
relationships were examined using SR. The model that provided the highest R value is 
selected. 
Y =(pi*SR) + (p2*Tmax) + Po Equation 5 
Y =(pi*Pd) + (P2*SR) + Po Equation 6 
Y = (Pi*Pd) + (P2*SR) + (p3*Tmax) + p0 Equation 7 
Y = (Pi*Pd) + (p2*SR) + (p3*Tmax) + (P4*DTR) + p0 Equation 8 
Y = (pi* 1:0 Pd) + (p2*SR) + (P3*Tmax) + (p4*DTR) + po Equation 9 
Y = (pi*Pd) + (p2*Tmax) + Po Equation 10 
Y = (pi*Pd) + (P2*Tmax) + (p3*DTR) + po Equation 11 
Y = (Pi*l:0 Pd) + (P2*Tmax) + (p3*DTR) + p0 Equation 12 
Y = (Pi*Tmax) + (p2*SR) + (p3*l-0 Pd) + (p4*DTR) + (P5*Tmax2) + (p6*SR2) 
+ Po Equation 13 
Y = (Pi*Tmax) + (P2*l :0 Pd) + (P3*DTR) + (p4*Tmax2) + p0 Equation 14 
We expect that the ground O3 prediction model would be applicable to rural areas. However, 
in many rural areas, certain variables are not available. For example, SR is not easily 
available in most regions and rural sites in the United States. Thus, SR was replaced by 
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DTR. It is well known that high DTR is associated with clear days and high incident SR. 
Furthermore, long hours of sunlight are associated with high levels of ground O3. Three 
regression models have been conducted where DTR was used. 
The two highest R were obtained from regression models 13 and 14. Note, these 
predicted ground O3 values were calculated based on the coefficients of the meteorological 
variables from the years 1998 through 2000. The coefficients were then applied to the 
meteorological data from 2001 through 2003. 
To assess each regression model, a summary statistic was established that contained the 
2 2 R , residual standard error, andp values. Again, the models with two highest R values were 
selected. The R value, also known as the coefficient of determination, indicates variables 
explained in the model data. The residual standard error mean is the square root of the 
standard deviation of the residuals. Residuals are equal to the predicted values minus the 
actual values. The p-\alue is defined as the smallest level of significance at which the null 
hypothesis would be rejected for a specific test. Therefore, if the p-value is small such as 
zero, the independent variable in a regression analysis is significant. Predictive ground O3 
concentration values were calculated using the coefficients from the two best regression 
models. As previously determined, the performance of the best regression models were 
applied for the independent data set of 2001-2003. 
In addition, root mean square error (RMSE), d-index, and mean absolute error (MAE) 
were used to determine the performance of select models (Willmott 1981). In this research, 
significant importance was placed on the R value. However, the R value does suffer from 
limitations because it provides a biased view of the efficacy of a model (Legates and McCabe 
1999). Overall, R2 is oversensitive to outliers or extreme events. RMSE, also known as the 
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quadratic mean, is a statistical measure of the magnitude of a varying quantity. It can be 
calculated for a series of discrete values or for a continuously varying function. RMSE looks 
at the differences between subgroups or for other effects or relationships between variables. 
RMSE is defined as follows: 
KMSE=J(Nirfj(Oi-Pl)2 (15) 
/=1 
where Ox is the observed ground O3 concentration values and Px is defined as the predicted 
ground O3 concentration values. JV represents the number of observations. 
On the other hand, d-index is used to overcome the insensitivity of correlated-based measures 
to differences in the observed and predicted means and variances. The d-index ranges from 
0.0-1.0 with higher values indicating a better agreement between the model and the 
observations (Legates and McCabe 1999). The equation for the d-index is as follows: 
d-index =7.0 - N ^ - (16) 
PE 
MSE is the mean square error. Potential error (PE) is defined by the equation: 
P £ = X ( | P ( - 0 | + |6>,.-0|)2 (17) 
where 0 is the average observed ground O3 value. 
The equation for MAE is defined as: 
N 
MAE=Ar~1£|<9, -Pt (18) 
i=\ 
MAE is a measure of error that is not sensitive to outliers. Thus, the measure of error occurs 
within data points closer to the mean. On the other hand, RMSE is sensitive to outliers. The 
usage of absolute error measures such as MAE or RMSE provide an evaluation of the 
measure of error in the units of the variable, which often can provide information about 
model efficiency (Legates and McCabe 1999). Because of slight bias, RMSE will be 
relatively high when extreme ground O3 episodes are present. Therefore, MAE is preferred 
these circumstances (Legates and McCabe 1999). 
Chapter 5 
Results and Discussion 
The results from the analysis of ground O3 variations are presented in following sections. 
First, the analysis of the average monthly ground O3 and yearly O3 were examined. Second, 
four most high and four most low ground O3 concentration days were studied and the 
atmospheric conditions for those episodes were examined. Third, four ground O3 
concentration episodes that had at least a 30 ppb increase and four ground O3 concentration 
episodes where there was at least a 30 ppb decrease over four days was observed. A 
qualitative analysis was conducted of these episodes using a box plots and synoptic maps. 
Fourth, the results from the regression analyses are presented. 
5.1 Analysis of Ground O3 Concentration: Monthly and Annual Perspective 
The peak season for high ground O3 is from March through October. Figure 2 shows the 
variation in hourly ground O3 observations for the peak months for the years, 1998 through 
2003. A large number of outliers were found in the spring and fall months which suggest 
increased variation in ground O3 data (Figure 2). June and July did not have a great number 
of outliers which represents more consistency in ground O3 occurrence. Figure 2 is also 
reflective on variable meteorological patterns. The spring and fall months have numerous 
episodes where day-to-day patterns fluctuated notably. June, July, August, and September 
have a greater range between the first quartile and the third quartile than the spring months 
and October. The summary statistics of the ground O3 data for each peak month is listed in 
Table 1. The highest ground O3 episode was recorded in July. March and October had the 
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lowest mean ground O3. Furthermore, September had the greatest standard deviation and 
standard error mean. 
The ground O3 can also be evaluated at annual time scale. In Figure 3, hourly ground O3 
is plotted to show the dispersion in data over the years, 1998 through 2003. The summary 
statistics for the annual box plots is seen in Table 2. The standard deviation was the greatest 
in 1999 with a value of 19.38. The highest ground O3 value occurred in 1999 and the lowest 
ground O3 value was in 2002 and 2003. In addition, the lowest standard deviation and 
standard error mean values were calculated for 2001 and 2003. 
March May July September 
April June August October 
Month 
Figure 2. Analysis of hourly ground O3 observations for the months of March 
through October and from the years, 1998 through 2003. 
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Table 1. Summary statistics of hourly ground O3 concentration for the months of March 
through October and for the years from 1998 through 2003. The measurement units for the 
ground O3 data is in parts per billion (ppb). 





Min 15 23 22 21 19 16 19 16 
1st 
Quartile 27 33 32 31 27 29 24 20 
Mean 34.8 42.9 43.6 44.0 41.3 44.5 39.3 32.1 
Median 35 43 43 43 41 44 36 31 
3ra 
Quartile 43 52 54 56 55 58 52 43 
Max 85 99 105 127 116 115 116 89 
Variance 181.2 213.7 273.7 316.9 329.0 401.4 409.4 248.7 
Std Dev. 13.5 14.6 16.5 17.8 18.1 20.0 20.2 15.8 
SE Mean 0.19 0.21 0.24 0.26 0.26 0.28 0.29 0.22 
120 -
Figure 3. Annual box plots of hourly ground O3 for the months of March through October. 
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Table 2. Summary statistics of hourly ground O3 data for the annual box plots from 
1998 through 2003. The measurement units for the ground O3 data is in parts per 
billion (ppb). 
1998 1999 2000 2001 2002 2003 
Min 19 22 20 20 15 15 
1st 
Quartile 30 34 27 27 25 25 
Mean 44.2 47.6 39.5 38.8 37.4 37.3 
Median 43 46 38 38 37 37 
3rd 
Quartile 56 61 51 49 49 49 
Max 116 127 119 98 114 99 
Std Dev. 18.3 19.38 17.0 16.3 17.4 16.5 
SE Mean 0.24 0.26 0.23 0.22 0.23 0.22 
5.2 Days with High and Low Ground O3 Concentration and Associated Synoptic 
Atmospheric Setting 
Eight ground O3 episodes were analyzed. Meteorological variables which include Pd, SR, 
Tmax, and DTR were analyzed to explain the O3 concentration events. Synoptic maps were 
also used to further establish atmospheric controls on certain ground O3 concentration events. 
The eight ground O3 episodes were divided into two groups. Group A contained the four 
most high ground O3 episodes, and Group B had the four most low ground O3 episodes. 
The four most high ground O3 observations were analyzed (Table 3). The first date 
analyzed was July 19, 1999, which had a ground O3 concentration value of 116 ppb. DTR 
was high, which is reflective of a high ground O3 episode. A low DTR is associated with low 
ground O3 values. In July, day-to-day temperature variations are minimal compared to the 
fall and spring months. Therefore, ground O3 is also stable with minimal variation in the 
data. The wind on July 19, 1999 was from the southwest which meant that the air was 
generally hot and dry. These atmospheric conditions were suitable for the production of high 
levels of ground O3. 
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Table 3. Weather Statistics for the 4 most high ground O3 episodes. 
Date 7/19/1999 9/6/1998 6/8/2000 6/26/1998 
Ground 0 3 (ppb) 116 116 119 127 
Maximum 
Temperature (°C) 33.8 36.1 28.8 29.4 
Diurnal 
Temperature 
Range (°C) 12.7 20.6 11.1 13.9 
Solar Radiation 
(MJm2d'1) 22.88 23.88 28.29 21.69 
Precipitation 
(mm) 0 0 0 0 
In addition, Figure 4 shows a cold front is located well north of Kentucky in the Great Lakes 
region. A high pressure system dominated Kentucky and allowed for clear skies and 
generally warmer conditions. These atmospheric conditions resulted in high ground O3 
concentration. 
MONDAY, JULY 19. 1999 
1016 
Figure 4. Surface Map for Monday, July 19, 1999. 
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The next observed date is September 6, 1998. which had a ground O3 concentration of 116 
ppb (Table 3). During this day, a high DTR was recorded. The wind direction was again 
from the southwest which meant that the wind was relatively warm and dry. Figure 5 shows 
that a stationary frontal system is located north of Kentucky in the Great Lakes region. High 
pressure is in control, giving much of southern Midwestern states clear skies and warm 
temperatures. No threat of any frontal system occurred for the state of Kentucky. Again, this 
condition was conducive to high ground O3 concentration. 
SUNDAY. SEPTEMBER 6. 1998 
Figure 5. Surface Map for Sunday, September 6, 1998. 
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The next episode on June 8, 2000, had a ground O3 concentration observation of 119 ppb. 
*) 1 
SR was 28.29 MJm d which was the highest out of the 4 most high ground O3 episodes 
(Table 3). This atmospheric condition increased the production of ground O3. Precipitation 
had occurred on June 5 and 6 because a cold front had passed through Kentucky. After the 
cold front left the area, high pressure cleared the skies and allowed for increasing 
temperatures (Figure 6). 
THURSDAY, JUNE 8, 2000 
Figure 6. Surface Map for Thursday, June 8, 2000. 
The highest observed ground O3 concentration occurred on June 26, 1999. On this day, 
the ground O3 concentration observation was 127 ppb. Just like all high recorded ground O3 
days, a stationary front was located north of the Great Lakes region (Figure 7). High 
pressure can be found over most of eastern United States including Kentucky. The high 
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pressure allowed clear skies and clockwise circulation brought warm temperatures across 
Kentucky from the southwest. SR was the highest on June 26, 1999 compared to any other 
day of March through October from 1998 through 2003 (Table 3). In other words, again 
atmospheric conditions were suitable for high ground O3 concentration. 
SATURDAY, JUNE 26 1999 
Figure 7. Surface Map for Saturday, June 26, 1999. 
The four most low ground O3 concentration days were analyzed to determine atmospheric 
conditions needed to develop relatively low ground O3 episodes (Table 4). On October 28, 
2002, a cold front passed through Kentucky which resulted in decreasing ground O3 on the 
following day, October 29 (Figure 8). This frontal passage produced thunderstorms and 
12.45 mm of precipitation (Table 4). 
The next day with low O3 concentration was October 31, 2002. The ground O3 
concentration observed on this day was 16 ppb. Precipitation occurred consecutively for 
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three days prior to October 31 which decreased the rate of photochemical reaction for ground 
O3 concentration. Greater cloud cover and resultant low DTR were also helpful in attaining 
low ground O3 concentration. (Figure 9). 
Table 4. Summary Statistics for 4 most low ground O3 events. 
Date 10/29/2002 10/31/2002 3/17/2002 3/1/2003 
Ground 0 3 (ppb) 18 16 15 15 
Maximum 
Temperature (°C) 22.2 9.4 10.0 23.8 
Diurnal 
Temperature 
Range (°C) 10.6 3.3 4.5 5.5 
Solar Radiation 
(MJm2d1) 5.49 2.82 5.09 4.92 
Daily Precipitation 
(mm) 12.45 0 7.87 14.22 
Figure 8. Surface Map for October 29, 2002. 
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THURSDAY, OCTOBER 31. 2002 
Figure 9. Surface Map for Thursday, October 31, 2002. 
Table 4 shows March 17, 2002, had a ground O3 concentration observation of 15 ppb. 
Clouds developed along a stationary front south of Kentucky (Figure 10). In addition, there 
was a weak trough located in the northern states of the Ohio River valley region. A total of 
322.58 mm of precipitation was recorded between March 15 and 16, 2002. On March 17, 
scattered showers covered most of the Kentucky and 8.47 mm of precipitation was recorded. 
Precipitation and cloud cover played a key role in obtaining the atmospheric moisture needed 
to decrease ground O3 concentrations. 
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The lowest ground O3 concentration day was observed on March 1, 2003. This day had 
the smallest DTR out of the 4 most low ground O3 days. However, a precipitation event 
(12.7mm) in partly cloudy skies played a key role in low ground O3 in this case (Figure 11). 
In summary, two patterns are apparent. For the high ground O3 concentration values to 
occur, the atmospheric conditions generally require a high DTR. None of these days had any 
rainfall and high pressure was present in all episodes giving little to no cloud cover. Thus, 
SR played a vital role in the production of high levels of ground O3. Overall, Tmax, SR, and 
DTR can be dominant forcing factor in determining high ground O3. As a result, these 
meteorological variables are included in my ground O3 prediction model. 
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Figure 11. Surface Map for March 1, 2003. 
The leading factor for low ground O3 concentration is precipitation and low SR. 
Precipitation occurred in all low ground O3 events, which illustrates that any form of 
precipitation decreases the rate of photochemical reaction between natural emissions and 
non-natural emissions made at the Earth's surface. 
5.3 Analysis of Ground Oj Concentration: Selected Cases of Rapid Changes 
Ground O3 episodes were grouped into two separate groups. Group A included ground O3 
concentration episodes where the median of daily ground O3 increased by at least 30 ppb 
over a four day period. Group B focused on ground O3 concentration episodes where the 
median of the daily ground O3 decreased by at least 30 ppb over the course of a four-day time 
period. Four episodes were analyzed for each group. The four episodes in Group A include 
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October 14 through 18, 1998; March 21 through 24, 2000; April 3 through 6, 2000; and 
October 15 through 18, 2002. 
Group A 
The first episode of rapid increase occurred between October 14 and 17, 1998 (Figure 12). 
Precipitation occurred on October 13th which allowed moisture to remain in the atmosphere 
on October 14th. Temperatures then began to increase as high pressure and associated 
subsidence resulted in clear skies over Kentucky. Over the next three days, no frontal 
systems entered through Kentucky. The range in ground O3 suggests that temperatures were 
becoming more stable as high pressure gradually traveled eastward toward the Atlantic coast. 
On the 18th, there was significant moisture advection and this caused ground O3 to decrease. 
On October 19, 15.75 mm of precipitation was recorded which also caused further decrease 
in ground O3. 
March 21 through 24, 2000, was interesting due to sporadic variation in ground O3. On 
the 20th, 20.82 mm of precipitation was recorded (Figure 13). However, no precipitation was 
reported on the 21st and 22nd. Moisture was still present in the atmosphere on the 21st which 
caused the ground O3 range to be smaller than the 22nd. The ground O3 range increased as 
moisture dissipated. The box plot showing ground O3 data for March 21st had the lowest 
minimum hourly ground O3 out of the four-day time period because of cloudy skies. The 
data also suggests that post precipitation days experience low ground O3 episodes. In 
addition, hail was recorded on March 23rd which caused a slight decrease in the ground O3 
concentration values and a large ground O3 range. Thus, any type of precipitation can cause 
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a decrease in ground O3 concentration. The ground O3 did increase dramatically on 24th as 
high pressure dominated and temperatures increased. 
The third ground O3 event extended from April 3 through 6, 2000. Like the other two 
episodes, a gradual increase in ground O3 concentration through this time period was 
observed (Figure 14). The range of the box plot also increased over the four day time period. 
On April 3, 21.84 mm of precipitation was recorded due to a stationary front. On the 4th. 
12.46 mm of precipitation was recorded. The rain ceased on the 5th, which allowed for a 
larger range of ground O3 and on the 6th temperature rose and high pressure cleared the cloud 
cover. The box plot on the 6th had a smaller range than the 5th because another incoming 
frontal system came into Kentucky from the north. The frontal system brought clouds with it 
which acted as blanket to keep temperature from rising dramatically. Furthermore, the daily 
average O3 decreased for the next three days afterwards. 
Figure 12. Monthly ground O3 box plot for October 1998 
based on MCNP data. 
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Figure 13. Monthly ground O3 box plot for March 2000 
based on MCNP data. 
100 
I 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 I 1 I 1 I 1 1 1 1 1 • 1—1—r—i—1—i—1 1 1 ' 1 1 1 1 1—1 • 1 1 1 • 1 
1 2 3 4 5 6 7 8 9 1011 12131415161718192021222324252627282930 
Day 
Figure 14. Monthly ground O3 box plot for April 2000 
based on MCNP data. 
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Ground O3 concentration for October 14 through 18, 2002 is shown in Figure 15. On the 
15th and 16th, 0.25 and 2.54 mm of precipitation was recorded, respectively. A small amount 
of precipitation can affect ground O3. The rainfall was associated with a cold front moved 
through Kentucky on October 15. No precipitation occurred on October 17 and 18. High 
pressure resulted in clearing skies and a greater range in ground O3 on the 17th and 18th than 
the other ground O3 days associated with this episode. This allowed for a better atmospheric 
environment for the production of higher ground O3 concentration. 
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Figure 15. Monthly ground O3 box plot for October 2002 
based on MCNP data. 
Group B 
Group B consisted of four dates: April 15 through 18, 1998; March 7 through 10, 2000; 
June 12 through 15, 2001; and October 25 through 28, 2003. In the first episode, April 15-18 
was shown in Figure 16. A total of 55.39 mm of precipitation occurred from April 16th 
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through 18th. A cold front passed through Kentucky on the 18th during the late morning 
hours. Cloud cover associated with the cold front played a vital role in low DTR from April 
15th through April 18th. This cold front is the primary reason for a significant reduction in 
ground O3 concentration occurred on April 18. 
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Figure 16. Monthly ground O3 box plot for April 1998 
based on MCNP data. 
The second ground O3 episode of Group B occurred from March 8th through 11th, 2000 
(Figure 17). There was a notable decline in the ground O3 over the four-day time period. 
Temperature gradually dropped as the date progressed from March 8 to March 11. No 
precipitation occurred on March 8, but precipitation was recorded on the rest of the days in 
the episode. The greatest amount of precipitation was recorded on March 9, 2000 which was 
5.08 mm. A fast moving cold front entered Kentucky from the northwest and created 
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convective thunderstorms on the 9th of October. Lingering cloud cover after the passing of 
the cold front was also deterrent for high ground O3 concentration. 
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Figure 17. Monthly ground O3 box plot for March 2000 
based on MCNP data. 
The third date observed was June 12-15, 2001, shown in Figure 18. On the 13th and 14th, 
no precipitation occurred and the maximum temperatures were in the lower 30°C. There was 
a large range of ground O3 on the 13th mainly due to the presence of a frontal system. The 
cold front was located northwest of Kentucky, which created partly cloudy skies. On June 
15th, 13.71 mm of precipitation was recorded which resulted in lowering the ground O3 
concentration dramatically. As expected, ground O3 concentration decreased from June 13th 
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Figure 18. Monthly ground O3 box plot for June 2001 
based on MCNP data. 
The final case analyzed occurred between October 25 and 27, 2003. There was a notable 
decrease in ground O3 during this episode (Figure 19). On the October 26th, there was 21.59 
mm of precipitation was recorded. Prior to this date, 8 days with no precipitation was 
observed. In addition, maximum temperatures were fairly similar throughout this time period 
and the meteorological state remained generally unchanged. However, the cold front, which 
passed through the Kentucky on October 26, 2003, decreased ground O3 by 30 ppb. The cold 
front allowed for cloud coverage for the next several days with slight occurrences of rain. 
This atmospheric condition suggests a large reduction of ground O3 takes place when 
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Figure 19. Monthly ground O3 box plot for October 2003 
based on MCNP data. 
5.4 Regression Analysis 
Twelve linear regression analyses were developed containing R2 values ranging from 
0.17-0.53 (Table 5). These R values represent predictive capability of each model. Note 
that their assessments are made by analyzing predicted and observed ground O3 
concentration. There many different statistical methods that can be used to examine the 
relationship. Least squares regression uses the method of least squares to fit a continuous 
univariate response as a linear function of a single predictor variable. A line is fitted to 
minimize the sum of the least squared residuals. Residuals are defined as the difference 
between the actual values and predicted values of the dependent variable. In a robust 
regression analysis, the mean absolute error is minimized instead of mean squared error as in 
linear regression. Robust regression is computationally much more intensive than linear 
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regression and is somewhat more difficult to implement as well. Linear regression is called 
"linear" because the relation of the dependent variable to the independent variables is 
assumed to be a linear function of some parameters. Regression models which are not a 
linear function of the parameters are called nonlinear regression models. A nonlinear 
regression will show a non-consistent regression that generally has little or no correlation 
between variables. A step-wise selection regression adds and drops variables depending on 
their importance to the overall regression. This regression can become tedious if numerous 
variables are used. In this research, all variables would be needed to utilize the dynamics of 
this particular regression. In addition, the step-wise regression contains many negative 
implications. The step-wise regression yields high R2 values that are biased. The automated 
step-wise selection also gives the user an unexplained relation between correlations of 
independent variables to the dependent variable. 
Linear regression analysis was used in this research because it is simple. As noted above, 
both simple and multiple linear regression models were used. The regression models in this 
research suggest that R tells what proportion of the sample variation in the dependent 
variable can be attributed to the independent variables. The R value increased as more 
meteorological variables were added to the regression model. Since precipitation is 
indicative of low SR, a low ground O3 is expected. It is found that inclusion of precipitation 
significantly diminished the model performance. However, when we included Tmax and DTR 
to the regression, the performance of the model improved (Table 5). As noted above, to 
simplify the models, when precipitation occurred, a value of 1 is assigned for that day. When 
adopted, application of this model provided improved results. 
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Table 5. All examined regression analyses which display all used variables and associated R 
values. 
Dependent 
Variable Independent Variables R2 Linear Equation 
Ground 0 3 
Concentration SR 0.17 
Y = (1.17*SR) +42.27 3 
Ground 0 3 
Concentration T 1
 max 0.41 
Y = (1.73*Tmax) + 16.11 4 
Ground 0 3 
Concentration SR and Tmax 0.44 
Y = (0.4766*SR) + (1.5312*Troax) + 13.34 5 
Ground 0 3 
Concentration Pd and SR 0.19 
Y = (-0.2853 *Pd) + (1.1038+SR) + 44.24 6 
Ground 0 3 
Concentration Pd, SR, and Tmax 0.45 
Y = (-0.2499*Pd) + (0.4188*SR) + (1,5258*Tmax) + 31.28 7 
Ground 0 3 
Concentration Pd, SR, Tmax, DTR 0.48 
Y = (-0.1121 *Pd) + (0.3497*SR) + (1.4725*Tmax) +(0.8174*DTR) + 5.69 8 
Ground 0 3 
Concentration 1:0 Pd, SR, Tmax, and DTR 0.49 
Y = (-4.0804*1:0 Pd) + (0.3232*SR) + (1.4598*Tmax) + (0.7316*DTR) + 8.61 9 
Ground 0 3 
Concentration Pd and Tmax 0.43 
Y = (-0.3435*Pd) + (1.6916*Tmax) + 18.07 10 
Ground 0 3 
Concentration Pd, Tmax, and DTR 0.47 
Y = (-0.1798*Pd) + (1.5983*Tmax) + (0.9151 *DTR) + 7.09 11 
Ground 0 3 
Concentration 1:0 Pd, Tmax, and DTR 0.48 
Y = (-4.9502*1:0 Pd) + (1.5708*Tmax) + (0.8258*DTR) + 10.07 12 
Ground 0 3 
Concentration 
1:0 Pd, SR, Tmax, DTR, 
SR2, and Tmax2 0.53 
Y = (-1.1083*Traax) + (-0.6831*SR) + (-3.4687*1.0 Pd) + (0.8228*DTR) + 
(0.535*Tmax2) + (0.0309*SR2) + 42.38 13 
Ground O 
Concentration 
1:0 Pd, Tmax, DTR, and 
T 2 1
 max 0.5 
Y = (-1.2289*Tm a x) + ( -4 .0919*1:0 Pd) + (0 .9018*DTR) + (0.0580*Tm a x 2) + 
39.67 14 
Rural areas are the primary focus in the research. Therefore, a predictive model is needed 
for rural areas that may not have access to certain meteorological instrumentation. All of the 
meteorological variables used in development of regression models are easily available, 
except SR. Thus, we develop models without SR (Equation 10, 11, 12, and 14). It was 
found that the model performed almost as well without using SR. The marginal difference 
by not using SR in the regression analysis ranged from 0.01-0.03. 
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As noted previously, correlation analysis was completed to further explain the relationship 
among meteorological variables and ground O3 concentration (Table 6). SR and Tmax show 
two of the highest correlations with ground O3. 
Table 6. Correlation among of all meteorological variables used in regression analyses and 
ground O3 concentration. 
Ground 
0 3 Tmax DTR SR Pd 1:0 Pd 
Ground 
0 3 1 0.64 0.34 0.41 -0.20 -0.28 
Tmax 0.64 1 0.17 0.42 0.12 -0.15 
DTR 0.34 0.17 1 0.22 -0.32 -0.36 
SR 0.41 0.42 0.22 1 -0.21 -0.23 
Pd 0.2 -0.12 0.32 -0.22 1 0.55 
1:0 Pd -0.28 -0.15 -0.36 -0.23 0.55 1 
Therefore, when these meteorological variables are used for predictive performance, 
predictive capability of models will be increased. A satisfactory R value is generally 0.5 or 
higher, and thus equations 13 and 14 were selected and further assessed (Table 7). Scatter 
plots and model evaluation statistics were used for this purpose. 











13 0.53 11.94 0 11.04 8.70 0.84 
Equation 
14 0.51 12.28 0 11.3 8.95 0.81 
The scatter plots based on equation 13 and 14 are shown in Figure 20 and 21 respectively. 
In summary statistics of both scatter plots, two patterns occur (Table 7 and 8). On low 
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ground O3 days, overestimation of ground O3 occurs in the predictive model. On high 
ground O3 days, an underestimation of ground O3 occurs. Therefore, both equations present 
a satisfactory predictive model for forecasting ground O3 concentration. From comparing the 
two regression models, it appears SR does not have to be used to predict a satisfactory 
ground O3 concentration observation. Summary statistics suggest that the meteorological 
variables used in this research only explain 50% of the ground O3 variation. 
Figure 20. Scatter plot of 2001-2003 predicted and observed ground O3 based on 
equation 13. 
Table 8. Summary statistics for Figure 20. 
Parameters Observed Ground O Predicted Ground O 
Minimum 15 33.5 
Maximum 114 97.3 
Mean 55 62.3 
There are many other meteorological variables that account for ground O3 variation. 
However, the goal in this research is to create a simple empirical predictive model which is 
sufficient in forecasting ground O3 based on available meteorological data From the results 
stated above, we suggest that local areas can develop an empirical predictive model to help 
inform residents of a ground O3 advisory days in advance. 
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Figure 21. Scatter plot of 2001-2003 predicted and observed ground O3 based on 
equation 14. 
Table 9. Summary statistics for Figure 21 
Parameters Observed Ground O Predicted Ground O 
Minimum 15 33.1 
Maximum 114 93.1 
Mean 55 62.2 
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Table 7 further shows the performance of the model. MAE and RMSE were decreased as the 
R2 values increased. For both of my models, d-index is greater than 0.8. They are 0.84 
(Equation 13) and 0.81 (Equation 14) respectively. A high <i-index means that the predictive 
data is in agreement with observed ground O3 and a good relationship between variables is 
present. The </-index is not sensitive to outliers and does not become biased as a result. In 
many studies, d-index is preferred over the R values (Legates and McCade 1999). MAE for 
Equation 13 and 14 are 8.70 and 8.95, respectively. MAE has increased for Equation 14 
because the model performance declined with the exclusion of SR. Usually, higher the R 
value and af-index, the lower MAE will be. Table 7 also shows similar change in MAE along 
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with increasing R and d-index value. The residual standard error decreased as the R value 
increases. As more independent variables were added, all values in the descriptive statistics 
decreased except R2 values (Table 5). The p-value was zero for all regression analysis. A p-
value of zero means that the variable is significant. The p-value was zero in both equations. 
This suggests that the independent variables in the regression models are significant. The 
residual standard error mean is the square root of the standard deviation of the residuals. 
Residuals are equal to the predicted values minus the actual values. The higher the R value 
is, the less the residual standard error will be. In other words, there was a slight margin of 
error in Equation 14 by not using SR in the regression model. 
Chapter 6 
Conclusion 
The goal in this research is to create a simple empirical predictive model which is 
sufficient in forecasting ground O3 based on available meteorological data. It is noted that 
when the right meteorological variables are present, rural areas can have unhealthy air 
conditions with high levels of ground O3 concentration similar to that of metropolitan areas. 
Therefore, particular ground O3 concentration episodes were analyzed to summarize what 
meteorological variables constitute a healthy or hazardous ground O3 day. For example, the 
following meteorological conditions constitute for low ground O3 days. 
1) Precipitation on the day of or the day before 
2) Low diurnal temperature range 
3) Incoming frontal boundaries 
4) Cooler temperatures after consecutive warmer temperature days 
Most high ground O3 cases are usually thought to occur in metropolitan areas. However, this 
research suggests that rural areas are susceptible to high levels of ground O3, as well. 
Meteorological variables such as DTR, Pd, Tmax, and SR can be used in a simple linear 
regression model to forecast ground O3. Using a quadratic formula on SR and Tmax, the 
predictive model can be improved to forecast ground O3 more accurately. The assessment of 
the predictive model performance suggest that ground O3 can be forecasted in rural areas that 
may not have availability of expensive meteorological instrumentation that records 
meteorological variables such as SR. Thus, we develop models without SR. It was found 
that the model performed just as well without using SR. The marginal difference by not 
using SR in the regression analysis ranged from 0.01-0.03. The meteorological variables 
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used in this research only explain 50% of the ground O3 variation. However, other measures 
can be calculated to find out if a significant relationship between ground O3 and the 
meteorological variables used in this research is present. The c/-index was calculated and 
ranged from 0.81-0.84 for the best regression model performances. This measure shows that 
the predictive ground O3 data is in agreement with observed ground O3 and a good 
relationship between variables is present. 
There are numerous methods that can be implemented to help reduce the ground O3. For 
example, driving less or carpooling can help efforts in the reduction of ground O3 
concentration. Many metropolitan areas in the United States have a mass transit system that 
many of its residents use. In rural areas where a mass transit system does not exist, small 
efforts such as making sure the car is well-tuned would reduce ground O3. Everyone wants 
to live in an environment where the air is healthy and clean. There is no reason why that this 
can not be done. Ground O3 concentration is slowly reducing, but not fast enough. 
However, by joining other environmentally conscious citizens, the efforts can improve 
conditions more expeditiously. 
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